The present research aims to evaluate the calibration of digital palpation pressure as well as to assess the inter-examiner variation and mean pressure used by a sample consisting of 56 professionals of the TMJ disorders and Orofacial Pain area. 
INTRODUCTION
Safe and valid diagnosis is prerequisite for proper treatment of the disease and the reliability of this diagnosis is also important for the accuracy of the results of epidemiological studies 1 , foundation in which clinical decisions should be supported within the current and ethical context of the Evidence-Based Dentistry (EBD).
Of the three signs comprising the diagnosis of temporomandibular dysfunction, the pains in the masticatory muscles or in the temporomandibular joint are the symptoms most commonly reported by patients. Undoubtedly the manual palpation is the clinical method more used to evaluate pain in these regions of the face; however, the variation in pressure applied for different examiners has been the reason of many mistakes in TMJ dysfunction diagnosis. Thus, according to various authors [2] [3] [4] [5] , the digital palpation calibration is crucial to increase the reliability of results.
The training program described by the International Consortium for RDC/TMD -based Research 6 , designed to attest the calibration of dentists, requires complex logistic as it is necessary the presence of a Gold Standard examiner, significant number of patients and statistical methods to ensure the reliability of results. Therefore, it is difficult to be fully applied into training courses.
Because this difficulty, it is possible to find variations in palpation pressure used by dentists during physical examinations, even among experienced professionals, and this certainly affects the reliability of the diagnosis.
This work aims to assess the calibration for the digital palpation pressure (Kg) applied by professionals of the TMJ disorders and Orofacial Pain area by using an electronic digital scale, as well as the variation in pressure among examiners by assessing the pressure at different times and calculating the mean pressure applied by them.
METHODS
The sample consisted of 56 professionals in training for temporomandibular disorders and orofacial pain, all in the MSc or Specialization levels.
The digital scale ( Figure 1) , with certificate n. 5289957/2009, was used to assess the palpation pressure of participants. It meets the requirements of the General Coordination for Accreditation of the National Institute of Metrology, Standardization and Industrial Quality (INMETRO) and is recommended by the International Consortium for RDC/TMD -based Research 6 for pressure calibration. This digital scale is designed for a measurement range of 0.1-3.0 kg. In the case of an object with weight over this range, the digital scale displays a message indicating that the pressure is over its assessment maximum capacity.
The Research Diagnostic Criteria for Temporomandibular Disorders (RDC/TMD), published by Dworkin & LeResche 7 , set a standard for palpation pressure at 1.0 Kg and 0.5 Kg to evaluate the sensitivity of the masticatory muscles and TMJ, respectively. The methodology suggested by studies on training and calibration of palpation pressures [8] [9] was adopted in this study as parameter to attest calibration. Participants who applied the correct pressure in four of five measurements and within a range of 20% variation were considered calibrated, i.e., 0.4-0.6 kg are the values acceptable for 0.5 kg and 0.8-1.2 kg are the values acceptable for 1 kg. On this way, the participants were placed in a standard position, sitting on a chair in front of the digital scale that was on a table. Then, they were asked, one by one, to press the middle of the digital scale to approach 1.0 kg with the index finger of the hand of greatest dexterity, without seeing the display. Five measurements for each value were taken in every 3-5 seconds. The same procedure was applied to approach the reference value of 0.5 kg. The participants were oriented to keep pressing the digital scale until the displayed number is stable and the examiner identifies the correspondent value. Importantly, participants were "blind" as to the value shown on the display, only taking notice of this at the end of all measurements.
Absolute distribution, percentages and statistical measures as means, standard deviations, minimum and maximum values (descriptive statistics) were used for data analysis. Inferential statistics with a confidence interval was used to mean values and the t-Student test was applied to the sample. Statistical tests were performed at a 95% confidence interval (α = 0.05).
The research project was approved by the Ethics Committee of the São Leopoldo Mandic College, according to protocol n. 2010/0024.
RESULTS

Results of the applied pressure
Five measurements were taken for each reference value. The mean values of 0.7 kg were found to the reference of 0.5 kg and of 1.4 kg to the reference of 1.0 kg. The confidence interval for the reference value of 0.5 kg was 0.6-0.8 kg and for the reference pressure of 1.0 kg was 1.2-1.6 kg. In both cases, participants applied pressures exceeding those recommended, although statistically significant (p <0.001).
In the table 1, the mean values for absolute variation were 0.3 kg for the reference of 0.5 kg and 0.6 kg for the reference of 1.0 kg. Minimum and maximum variations were observed for the references values of 0.5 Kg (0.03 min; 1.5 max) and 1.0 Kg (0.08 min; 2.0 max). Standard deviation (1) 0,4 0,7 IC 95% (1) 0,6 a 0,8 1,2 a 1,6 P-value (2) p (2) < 0,001* p (2) < 0,001* Mean of absolute variation (1) 0,3 0,6
Minimum variation (1) 0,03 0,08
Maximum variation 
Results of the sample calibration
The participants were considered calibrated when applied pressure close to the reference value, within 20% variation interval, in at least four of the five measurements. That is, when applied 0.4-0.6 kg to approach the reference pressure of 0.5 kg and 0.8-1.2 kg to approach the reference of 1.0kg. It was observed a high percentage of noncalibrated participants; 70% for the reference pressure of 0.5 kg and 57% for the reference of 0.5 kg (Table 2) . Shaefer et al. 10 validated the value of 2.5 pound (1.1 kg) for palpation of temporomandibular joint. In recent study, Schiffman et al. 11 validated the diagnosis of myofascial pain and arthralgia with palpation pressures ranging from 1.0 to 1.5 kg, considering that it was a dynamic test. The authors found a mean pressure of 1.4 kg when participants have attempted to reach the reference of 1.0 kg. Then, the calibration of participants was determined to pressures ranging from 1.0 to 1.5 kg. That is, participants were considered calibrated when applied pressures of 1.0-1.5 kg to reach the reference value of 1.0 kg in at least four of five measurements. In the total sample, the authors found that 30% (n=17) of participants are calibrated.
DISCUSSION
Pain in the masticatory muscles or temporomandibular joint is the most frequent complaint related to temporomandibular disorders 12 . The physical examination protocol indicate the method of the palpation of masticatory muscles and posterior and lateral TMJ ligaments as fundamental to identifying pain in these regions. Due to the importance of the reliability of the diagnosis, several studies highlight the value of training and calibrating professionals in this area.
Dahlstrõm et al. 13 explained that the difference in palpation pressures used by dentists during exams was the mean reason of the low reliability (0.23 ICC) of the diagnosis for myofascial pain found in their study. The high percentage of non-calibrated participants observed in the present study (70% to the reference value of 0.5 kg and 57% to 1.0Kg) corroborates the above assertion.
This high percentage can be explained by the fact that participants had not receive any specific training prior to the survey, once the objective of this work was to evaluate how calibrated for clinical routine they were. Then, these results evidence the importance of training and calibrating professionals for a standard palpation pressure by using a digital scale, even those skilled professionals with solid training, as MSc or expertise in temporomandibular disorders and orofacial pain.
Goulet et al. 14 confirmed the importance of the training with digital scale to find calibration for palpation pressure. The authors evaluated four examiners who received prior training to apply both stronger (1.5-2.1 kg) and weaker (0.5-1.1 kg) pressures. Then, they were subjected to six weekly tests for calibration where they should hit four of the five measurements taken. Importantly, the participants received the results at the end of each test and if the result was not satisfactory, they should be encouraged to practice exercises with a digital scale. The result of this study showed an excellent mean percentage of hit at 89.5%. In turn, John & Zwijnemburg 9 found viability in obtaining calibration from professionals. They conducted a study aiming at attesting the calibration of examiners, and to this end, performed tests in six series of five measurements for the reference values of 0.4 and 0.9 kg. Each participant should hit the values in at least four attempts within a 20% variation interval (ranging both above and below the reference values). The results confirmed calibration for the four participants. As the work by John & Zwijnemburg 9 , the present study also used a digital scale to evaluate examiners, since the use of algometer is indicated only for testing the pain threshold and tolerance of the patients, which was not the purpose of this research.
The highest percentage of non-calibration found for the reference of 0.5 kg (70%) when compared to that presented for the reference of 1.0 kg (57%) is probably due to the greatest sensitivity set to the first, which allowed a margin of error of 0.2 kg within a 20% confidence interval ranging both above and below the reference pressure of 0.5kg. It means half of that 0.4 kg of variation allowed for the reference pressure of 1kg.
With respect to the variation of the applied pressure, the work by John & Zwijnemburg 9 show a variation ranging from 0.7 to 0.9 kg to the reference pressure of 0.9 kg and from 0.4 to 0.5 kg to the reference of 0.4 kg. The small variation of 0.2 kg to the highest and 0.1 kg to the lowest values are equal to those found by Goulet et al. 8 when they evaluate examiners also subjected to prior training. Differently, this present study included 56 participants in a sample where they are not subjected to specific training, whereas in others studies, only four examiners were assessed. Indeed, the mean variations of 0.6kg found to the reference of 1.0kg and 0.3kg to the 0.5kg are considered high. The inter-examiners variation of up to 2.0 kg as well as the portion of 9.3% of the measurements for the reference value of 1.0 kg exceeding 3.0 kg indicates the necessity of training and calibrating examiners. In addition, the variation found in a given participant, of only 0.03 kg to the pressure of 0.5 kg and 0.08 kg to the pressure of 1.0 kg, indicates that higher accuracy can be achieved when an examiner is calibrated.
Goulet et al. 14 explained the low prevalence of diagnoses of group III (arthralgia) in studies by the amount of false-negative results in clinical trials. The authors call attention to the lack of validation for the use of 0.5 kg of palpation pressure in the temporomandibular joint examinations and suggest the use of stronger pressures. Lausten et al. 15 confirmed the low reliability for diagnosis of arthralgia since they applied the RDC/TDM to a sample consisting of 69 patients and found a reliability score of 0.4 for TMJ pain. However, the authors alert to the probability of finding many false-positive results as the palpation pressure randomly increases to 1.5 kg, for example. This fact was already verified by Shaefer et al. 10 when they tested the validation of different pressures for the diagnosis of joint pain. In their work, an examiner calibrated as the RDC/ TMD examined 30 patients with perfect sensitivity (1.0) but insufficient specificity (0.81) to the reference pressure of 1.4 kg (3 pounds). The validations found were 81 % sensitivity (≥ 70%) and 97% specificity (≥ 95%) for the value of 1.1 kg (2.5 pounds), much better than that low sensitivity of 27% for 0.4 kg (1 pound) recommended by the RDC/TMD. With respect to muscle palpation, Schiffman et al. 16 have not find significant differences in variation as the pressure increased from 1.0 to 2.0 kg. However, the sensitivity increased at 0.02 and the specificity decreased at 0.03, that is, the chance of false-positive diagnostic increased very little when patients answer if they are familiar with the pain.
The Validation Project by Schiffman et al. 16 used a selected sample consisting of 628 patients to compare the results obtained from the application of the original RDC/TMD with a modified and refined protocol called Axis I, whose major changes are: a) muscle palpation pressure ranging from 1.0 to 1.5 kg, justified by the difficulty of applying an exact value on an exam with movement; b) replacement of the TMJ posterior palpation by the portion surrounding the joint with the same pressure of 1.0-1.5 kg, however, keeping the pressure 0.5kg for the lateral pole palpation; c) questioning whether the pain reported in the exam is the same as the initial complaint. The result for diagnosis of myofascial pain by the refined Axis I showed excellent sensitivity (0.9) and perfect specificity (1.0), while for the diagnosis of joint pain, the modified protocol increased the sensitivity from the low level of 0.4 suggested by the original RDC/ TMD to the excellent level of 0.9. Despite significant improvement, it is worth mentioning that only 0.1 is related to the increased pressure while the major portion (0.4) is related to the pain reported as familiar by patients. Although the modified protocol for physical examination, somewhat questioned by Dworkin 18 , can be considered valid for the main complaints of TMD patients: myofascial pain (Ia and Ib) and joint pain (IIIa and IIIb), its greatest merit seems to be related to the concern in reproducing the same patient's complaint in the physical examination rather than to the increased pressure applied in palpation.
The mean pressure of 0.7 kg found by approaching the reference value of 0.5 kg is higher than that defined by the RDC/TMD7 for joint palpation. This difference was significant (p<0,001). However, although the confidence interval (95%CI) for 0.6-0.8kg is indicating a tendency of participants in applying a pressure exceeding the recommended, it is not possible to affirm how relevant that practice is, since the values found in this study are not discrepant enough to suggest the probability of a falsepositive diagnosis. In addition, such tendency in applying higher values is supported by some studies designed to evaluate the validation of the palpation pressure as, i.e., the work by Shaefer et al. 10 , which validate the pressure of 1.1 kg for joint palpation, a value much above that found in the present research. Recently, Schiffman et al. 11 obtained validation for diagnosing arthralgia by keeping the pressure of 0.5 kg in the lateral pole, but increasing the pressure up to 1.0-1.5 kg in the region surrounding the temporomandibular joint. These values are also much higher than the results obtained in this present research.
Initially, when participants were asked to apply 1.0 kg for muscle palpation, the mean value of 1.4 kg, statistically significant (p<0,001), was found above the recommended by the RDC/TMD 7. The confidence interval (95% CI), ranging from 1.2 to 1.6 kg, again affirms the tendency of the sample in applying a pressure exceeding the requested value. After analyzing the study by Schiffman et al. 11 , the worry that these results are possibly affecting the clinic with false-positive diagnosis seems to have no scientific foundation. The authors obtained a reduced specificity of only 0.03 as the palpation pressure increased from 1.0 to 1.2 kg, since it is questioned whether the pain is related to the patient´s complaint. The mean value of 1.4 kg is, anyway, within the interval of 1.0-1.5 kg that is valid for myofascial pain and arthralgia. The reason for 70% of participants be considered non-calibrated within the interval of 1.0-1.5 kg (pre-defined by the refined Axis I) is that they were not asked to attempt pressures within such interval, but to hit the reference value of 1.0kg.
Finally, it's worth mentioning the limitation of this study in evaluating the calibration of pressure applied by examiners in lab environment. The clinical relevance of these findings is questionable, since the static pressure applied in a hard surface like a table with a digital scale is evidently different from the dynamic process corresponding to the physical examinations with palpation of soft tissues, like skins and muscles inserted into the bone tissues.
CONCLUSION
According to the results obtained in this present research, it is possible to conclude that for the reference value of 0.5 kg, 70% of the sample was considered noncalibrated and for the reference value of 1.0 kg, 57% of participants were classified as non-calibrated. The inter-examiner variations of 0.3kg for the reference of 0.5 kg and of 0.6 kg for the reference of 1.0 kg were considered high. The mean pressure of 0.7 kg applied by participants was higher than the requested value and than that recommended by the RDC/TMD for joint palpation, corroborating the highest values validated by other studies. Meanwhile, the mean pressure of 1.4 kg was higher than that recommended by the RDC/TMD for muscle palpation, but still within the variation range of 1.0-1.5kg, which was recently validated.
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